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SUMMARY

The results are described of an experimental investigation of
radiowave absorption in the atmosphere in centimeter and decimeter bands .
The values are derived for the absorption coefficients in these frequen-
cies and the effective height of the absorbing atmosphere. Certain ques-
tions of theory are also reviewed.

The absorption of centimeter and decimeter radiowaves in the atmo-
sphere takes place at the expense of absorption in molecular oxygen and it
has a nonresonance character.,

The theory of this phenomenon was given by Van Vleck [1]. Measure-
ments of absorption in the atmosphere by radioastronomical methods in the
centimeter band have shown a good agreement with the results forcast by
theory, which subsequently served as a basis for the determination of the
absorption coefficient by Van Vleck formulas in any wavelength [2]. However,
research carried out in 1962 in the longwave part of the decimeter band in
the 25— 60 cm wavelength range [3] has shown a sharp departure between
the experimental values and those computed by the Van Vleck theory.

This served as the basis for revising the theory, and it was ascer-
tained as a result that the formal introduction by Van Vleck of nonresonance
absorption is not justified and the nonresonance absorption mechanism can-

not be of relaxational type. It was found to be possible to explain the

* POGLOSHCHENIYE RLDIOVOLN SANRTIMETROVOGO I DETSIMETROVOGO DIAFAZONOV
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observed absorption with the aid of the spin-spin interaction of oxyg
molecules at time of collisions [4]. Further calculations based upon the

mechanism proposed are conducted in the present work.
In order to clarify the entire picture of absorption in decimeter

and centimeter bands detailed measurements of absorption were conducted
with the aid of a single method, of which the results are expounded below.
It should be noted also that the conducting of radioastronomical measure-~

ments with the aid of a single method has become necessary in connection

with the development of antenna calibration methods developed lately [5]:
this led to the reconsideration of the heretofore available data, for example

When computing the absorption coefficient or the total absorption
on the basis of data obtained by radioastronomical methods, the admitted

in t6]o
value of the effective height of the absorbing atmosphere plays a substan-

tial role. No experimental measurements of the effective absorptiom height
were available to-date and its value was chosen on the basis of various
theoretical reasons. This led to the assumption that the value of Hg¢s

and it hamrered the comparison of

stood between 5km [7] and 11lkm [&],

e:'perimental data obtained by various authors.

This is why we shall begin the consideration of absorption by dis-

cussing the results of measurements of the effective height of the absorb-
ing a-mosphere.

The atmosphere radioemission temperature in a given direction is

determined by a transfer equation; in case of plane-stratified atmosvhere

is the

)
K (h)

and plane earth its solution may be written in the form [6]
- § x(n)dt
dl (! = hcosec @), (1)

T@=\xwTwe °

0
where ¥ is the anrle of the site of observation direction;
T (h) is the kinetiec temperature of the atmocphere.

The form of the function T (h) may be obtained by aprroximating the

absorption coefficient;
exverimental data on temperature distribution in the atmosphere [9]:




it may be admitted that we have to heights h = 15km
=7.—6,5h (2)
and in the 15 to 50km range
T = To— 97,5+ 2,4h. (3)
In the following we shall consider the absorption in oxy;gen. The
dependence of the absorption coefficient on height will be tz¥en in the form
% == woe MH, (%)
where H is the effective height. Inasmuch as the variation of absorption
is determined by tewperature and pressure, the value of the effzctive height
will be different for heights below and above 15. km, We may assume for the
estimates Hl =L4¥m and HZ = 2,3 knm, which will be justified below (19).
If Hx/sing<€1, which is always fulfilled at the above assunptions
ir the centimeter and decimeter bands, the integration of (1) is casily

pnarformed ¢

To(9) =(To— 6,5H) ﬂ( 1—048 2L _
sin @ sin ¢

—(To—97,5— 6,5H) noH (/1—- on )e—is/a. ()
squ Slnq)

Estimates show that the second term of the expression (5) constiiutes at
H € 5 km no more than 3 %, while the accounting of absorption above 15km
rives a correction of the order of 0.19.

It mzy be seen from the e:xpression (5) that when measuring the absorp-
tion by radioastronomical methods it is possible to determine the absorption
coefficient or the total absorption in the direction of the zenith %, Hy, provi-
ded the effective height is known. No direct measurements of Hopy were made
to-cdate, so0 that when estimating the absorption,comvuted values of Hope by
the Van Vleck theory, utilizing the standard atmosphere model, were generclly
used in the national literature; then H_pp = 5.3 km [1].

For the true distributions of pressure and temperature similar cal-
culations were conducted in [12]; this allowed to ascertain that Herf= 52
* 0,2 km. in summertime and Hgosrr = 3,9 X Ot I'm in wintertime, thus under-

roing strong seasonal variations, proportional to those of the temperature;




they may be aprroximated by the following expression :

Hops = Hopp (1 — PT) (6)

Measuring the absorption at various heights above sea level, it
is possible to determine the effective height experimentally.

According to (1), the temperature of atmosvhere ralioemission at
the altitude h above the sea level is

Ta* () = (To— 6,5k — 6,5H) s—i;l’“%(i — 0,48 el ) e~NH
sin @

soll soll
—(To—97,5—65H) —— (1 — e
(To )sin(p (1 ’ sin(p) . (N

At E <5kny h~3km, the second term in the expression (7) gives
a correction of the order of 59%. Rejeoctins the second terms in (5) and (7),
we find that when measuring &t different altitudes, the value of the effect~-
ive heipght can be found witlh a precision oi the order of 55 with the aid

of the following transcendental equation :.
[Ta"(90°) / T4(90°) JeMH = [Ty — 6,5 H(To)] / [To — 6,5k — 6,5H(To)]. (8)

For the ermeriuental determination of Heff,measurements of the
absorption were conducted in the wavelength A= 10cm for two heirchts by
radioastronomical methods : at h = 3,2 kn and at sea level.

At 3.2 km sltitude and air temperature Ty = 10° ¢, the atmosphere
radioenicsion terniperature in the direction of the zenith is T;l (90°) =1.5°K
anéd at sea level for air teuperature Ty = 20° C, Tao (90°) = 3.,5°K. Substi-
tuting these data in the eguation (3) and taking into account the dependence
of the effective height on temperature, we shall obtain, according to (6),
the value of the effective temperature : Hoep = 4 km.

The values of total absorstion in the direction of the zenith in
2.2 cm and in the 25 -~ 60c¢m bznd, obtained as a result of tenperature measu-
rements of atmosphere!s proper radioemission, were brought out in the works
(3,10, 11]. These values of total absorvtion must be subject to correction
accoriing to the erperimental valuc of the effective height of absorption in

oxypgen, brourht up artove. The corrected results are compiled in Table 1.




Se

ler to obtain a complete representation of radiowave absorp-
tion in the decimeter band, investigation of absorption was conducted in
the 8, 9, 10, 11, 12, 13, 14, 15, 18,1, 21, 25.7 cm wavelengths. The measu-
rements were conducted with a parabolic antenna of 4 m in diameter in night-
time and in clear weather. A band change-over radiometer, with a sensitivi-
ty of about 19K at time constant of one second was used as a receiver.
The antenna was calibrated by the radioemission of a hill situated in the
antenna's Fraunhofer zone, which in these wavelengths constituting an abso-
lutely absorbingr body. The method of measurements was entirely analogous
to thzt earlier applied in [3, 10].

Lt air temperature of 20°C the temperature of atmosphere radioemis-
sion in 8 — 25e¢n was found to be equal to 3.5° K. The computed values of
total absorption and of the absorption coefficient are compiled in Tzable 2,

the precision in the determination of Ay H constituting X 10%.

TABLE 1 TABLE 2
\ on ol 10 04T %,
., c; 36 ¥ ‘d‘."f 86/xm x H Xq H
, A Aoer | "o | oepn || Meem | o5 " | oo

zg,z 2’855%- {-%(I)l 0,058 . | 0,0145

, 0,058 0,0145 8 10,05710,0142fl 14 10,057 l0.01
31,2 0,06 [14]] 0.063 | 0’055 9 [0,05810,0145('15 |0/04 00148
32,5 | 0,051 % (3] 0,051 0,0128 10 10,0570,0142 18,1 |0,058 10,0145
40,5[0,06 [11]| 0,063 0,0155 14 10,058/0,0145!| 21 |0,055/0,0137
44,3 10,052 [3] 0,056 0,0137 12 10,05810,0145( 25,7 | 0,054 (0,0135
56,3 | 0,058 % [3] 0,058 0,045 13 10,057(0,0142
58,210,06  Jt1]! 0,063 0,0155 - d

* The results obtained at reception of Sun's radioemission at
various heights, which do not have to be reduced on account of the variation

of H,rey are marked by the asterisk,
It may be seen fron Tables 1 and 2 that the total absorption in
oxygen in the direction of the zenith ¥y H is distributed uniformly by
the band from 3,2 cnm to 60 cm and has the most probable value X H = 0,057 db.
Inzsmuch as the experimental values of X, E do not have peculiarities
in the centimeter and decimeter waves, it may be reasonably assuted that the
eflective height too is constant along the band and equal to Hoges =4 km.
The theoretical considerations developed below also speak in favor of this
last circumstance.
This allows to determine the absorption cuolficient in oxygen on

the basis of radioastronomical measurements and to finc {he shave of the
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absorption line in the band considered, whici, as may be seen from Table 1
and Table 2, also offers a uniform distribution,

Let us now pause at some guestions of theory.

A mechanism of nonresonance absorption of emission by molecular
oxygen is proposed in [4], which is based upon the interaction of colliding
paramegnetic molecules, At collisions of oxygen molecules with a spin s=1,
there arises a strong spin-spin interaction leading to shift and widening of
the levels.

The solution of the problem is performed by the perturbation theory
method, However, when considering the absorption in centimeter and decimeter
bands, strong interactions have to be taken into account.

Ve shall also describe the colliding molecules by density two-vart
matrix (partitioned?) with initial conditions determined at time of collision
to by the density matrix of the system situated in a thermodynamic ecquili-

brium :

p(to) == ce HUIAT ¢ == spe—HUWAT_ 9)

After collision the density matrix voric tisn in time is described

by the equation of motion in the matrix form:

mpmnm'n' = 2 [H makiPrim/'n’ — pmﬂthhIm'n']- (10)
]
The total Hamiltonian of the system is [3]

H(t) = H + H® + V® sin ot + V@ sin ot + VA + VB, (11)
vhere Ho(i) is the molecule's proper Hamiltonian; VY = —(pWF) is The
interaction energy of the dipole with the external field F i

(vh)* A
A — .
VA =" (H,,(,_,o,)s- (12)
do
L L S (13)
i (1+—————v(t_t°) )’
do
A=1I 1 (1—3cos?h); (14)
: 1 , , ]
B = — Z—[(Iz, +ily)) (Ie, —ily )+ (I, + ily) (I« ,— iy )J(1 —3cos ). (15)

The follrinpg “enitstions are adopted in formulas (12) - (15) :
do is tlie gas-kinetic crossection: Iy is the projection of the spin I3 ;
u == yAl is the dinpnle magnetic moment ; ~% is the angle between the axis 2

and R
rlJ



The terms VA and VB are responsible for the spin-spin relaxation
in the dipole-dipole interaction .

The energy variation of one molecule during the time t — t, is

AE = E(pun + pizs2) + E3(pz + panz1) - Ey(puuss + piaez) — Ea(paza + pg‘?;) ' (16)

vwhere E; are the proper numbers of the Hamiltonian Ho(i): Pmnmn' are the
solutions of the equation (10).

£
2

" lb'” Ib’ 1 1072

If we assume that the last collision toock place in the interval
from t — 68 to t —6 — d0 with a probability e9%de/r, where T is the

mean time betwe¢en two collisions, the mean molecule energy variation is

AE = apeor 2. )
0 T

The solution of the system (10) and the computation of the integral
(17) were conducted with the help of a computer; the result of the calcula-
tion for T = 10~2 sec is plotted in the figure, where the experimentally
obtained points from Tables 1 and 2 are reprcsented also, For comparison
we figured there also the dashed curve characterizing the absorption computed
by the Van Viec: theory (AV/c = 0.02 em~1).

It may be seen from the graph that the theory asrees satisfactorily
with the experimental data.

For the calculation of the absorption coefiicient in the resion of
high frequencies we may utilize the analytical expression brought out in [4],
according to which the frequency dependence of the absorption is determined

by the factor
.0/..



l a
(o/7) L?ﬁ)m-i- |og— ol ]Il[(mgé—m)z—!—(i/tz)] (18)
(w,z is the frequency corresponding to the center of the absorption line)

and the dependence on pressure and temperature has the form
P3| T, (19)

Assuming for p and T a dependence on height characteristic for
the standard atmosphere, i.e. B ¢¢= Lxm, if h <15km. As may be seen
from the experiment's data, the value of the effective height also agrees
well with the theory.

The author avails himself of the opportunity to express his grati-

tude to N. I, Lobashev for performing the calculations,
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